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7KHRUHWLFDOO\ DQ ,Q6$5EDVHG V\VWHP WR HYDOXDWH VORSH YXOQHUDELOLW\ WR ODQGVOLGH FDQ EH FRPELQHG ZLWK D IORRG SUHGLFWLRQ
V\VWHP WR SURYLGH DQ HDUO\ ZDUQLQJ DJDLQVW DQ\ WKUHDW RI ODQGVOLGHV +RZHYHU WKH DSSOLFDELOLW\ RI VXFK V\VWHP FDQQRW EH
JHQHUDOL]HG ± WKH ,Q6$5 HYDOXDWLRQ VKRXOG EH SHUIRUPHG DW VLWHWRVLWH EDVLV ZLWK GHWHFWHG PRYHPHQWV FKHFNHG RQ VLWH




7KHWHUPODQGVOLGH LVXVHG WRGHVFULEHDZLGHUDQJHRIJHRORJLFDOSURFHVVHV LQFOXGLQJVORZVORSHGHIRUPDWLRQVRU
UDSLGPDVVIORZFRPELQLQJURFNVRLORUDUWLILFLDOILOOLQJ/DQGVOLGHRYHUVLJKWDQGPRQLWRULQJSURFHVVHVIDFHDODUJH
YDULHW\ RI FDVHV DQG VLWXDWLRQV )URP WKH JHRORJLFDO SRLQW RI YLHZ PXOWLSOH IDFWRUV DIIHFW WKH RFFXUUHQFH RI D
ODQGVOLGH VXFK DV OLWKRORJ\ ODQG XVH VORSH GLUHFWLRQ DQG DPRXQW SODQW LQGH[ VDWXUDWLRQPHWHRURORJLFDO IDFWRUV
SUHFLSLWDWLRQDQGPRLVWXUHDQGDVVHFRQGDU\HIIHFWVHDUWKTXDNHVDQGYROFDQLFDFWLYLWLHV)RUWKHVHPDQ\YDULDEOHV
WKHSUHGLFWLRQRIODQGVOLGHVLVDYHU\GLIILFXOWLVVXHWKDWLVRQHRIWKHLPSRUWDQWDUHDVRIVWXG\IRUODQGVOLGHVEHFDXVH
ODQGVOLGHV KDYH DOUHDG\ FDXVHG ODUJH DPRXQW RI OLIH ORVVHV ZRUOGZLGH 3HWOH\  DQG VLJQLILFDQW GDPDJH WR
LQIUDVWUXFWXUH0RUHRYHUWKH\DUHWKHSULPDU\QDWXUDOGLVDVWHUVLQVRPHFRXQWULHV$XVWUDOLD7XUNH\,WDO\HWF)RU
WKHVHUHDVRQVPDQ\HDUWKVFLHQWLVWVDQGUHODWHGJRYHUQPHQWDOGHSDUWPHQWVWU\WRHVWLPDWHDQGPRQLWRUWKHODQGVOLGH
DQG RYHUFRPH DQG PLQLPL]H WKH ORVV E\ XVLQJ GLIIHUHQW DSSURDFKHV  VWDWLVWLFDO REVHUYDWLRQDO DQG SUREDELOLVWLF
gQDOS HW DO  /DQGVOLGH HVWLPDWLRQ KDV EHHQ LVVXHG E\ WKH VXEMHFW RI FXUUHQW UHVHDUFKHV EDVHG RQ WKHVH
DSSURDFKHV7KHPDLQSDUDPHWHUVIRUWKHHVWLPDWLRQVWHSVDUHJHRORJLFDODQGPHWHRURORJLFDOGDWD
 +RZHYHUWKH\KDYHDQXPEHURIXQSUHGLFWDEOHFRPSRQHQWVLWLVYHU\GLIILFXOWWRSLFWRHVWLPDWHODQGVOLGHV
UHSHWLWLRQ)RU WKDW UHDVRQPRQLWRULQJDQGIRUHFDVWLQJUHVHDUFKDERXW ODQGVOLGHVKDVDULVLQJ WUHQG WRFRQVWUXFWDQ
HDUO\ZDUQLQJ V\VWHP 7R GR VR IROORZLQJ VHSDUDWH SKDVHV KDYH EHHQ GHVFULEHG VXVFHSWLELOLW\ KD]DUG DQG ULVN
7KHVH DUH QHHGHG WR SUHSDUH KD]DUG PDSV IRU ODQGVOLGHV 3UHSDUDWLRQ RI WKHVH SKDVHV DQG PDSV WR HVWLPDWH WKH
RFFXUUHQFH RI ODQGVOLGH QHHGV D QXPEHU RI YDULDEOHV DQG KDV YHU\ FRPSOLFDWHG SURFHVVHV (YHQ WKH ILHOG WUXWK
PHWKRGLVQHHGHGIRUVXFKDSSOLFDWLRQVVRPHUHPRWHVHQVLQJPHWKRGVDUHYHU\XVHIXODQGRIIHUPHDQLQJIXOUHVXOWV
IRU SUHGLFWLRQ DQGPRQLWRULQJ RI ODQGVOLGH2QHRI WKHP LV VDWHOOLWHEDVHG V\QWKHWLF DSHUWXUH UDGDU LQWHUIHURPHWU\
,Q6$5WHFKQRORJ\WKDWFRXOGEHXVHGWRVKDSHVXVFHSWLELOLW\PDSVHDVLO\DVWKHILUVWPDLQOHYHOWRUHDFKULVNPDSV
6XFK,Q6$5EDVHG5LVN0DSVLQFUHDVHWKHFDSDFLW\IRUPDNLQJTXLFNGHFLVLRQVZKLFKDUHQHHGHGGXULQJGLVDVWHUV
,Q6$5KDV SURYHQ WR EH YDOXDEOH IRU LWV JOREDO FRYHUDJH KLJK VHQVLWLYLW\ WR WHPSRUDO FKDQJHV DQGSRVVLELOLW\ WR
SURYLGH VSDWLDO LQIRUPDWLRQ RQ GLVSODFHPHQW RYHU ODUJH DUHDV 7KH WHFKQLTXH LV EDVHG RQ JHQHUDWLQJ VRFDOOHG
LQWHUIHURJUDP LPDJHV UHSUHVHQWLQJ WKH UDGLRZDYHSKDVHGLIIHUHQFHEHWZHHQ WZRVDWHOOLWH DFTXLVLWLRQV WDNHQ IURP
DOPRVW WKH VDPH VDWHOOLWH SRVLWLRQ +DQVVHQ  7KH FRPSXWHG SKDVH GLIIHUHQFHV DOORZ XV WR GHWHFW WRSRORJ\
FKDQJHV LQ WKH RUGHU RI D IUDFWLRQRI WKH UDGDUZDYHOHQJWK%HFDXVH WKHZDYHOHQJWK RI 6$5 LQVWUXPHQWV UHDFKHV
VHYHUDO FHQWLPHWHUV WKH VHQVLWLYLW\ RI WKH ,Q6$5 WHFKQLTXH IRU GLVSODFHPHQWV LV XVXDOO\ LQ PLOOLPHWHUV 6XFK
VHQVLWLYLW\VKRXOGDOORZIRU WKHGHWHFWLRQRIFUHHSLQJODQGVOLGHPRYHPHQWVDQGLGHQWLILFDWLRQRI ODQGVOLGHDFWLYLW\
0XOWLWHPSRUDO,Q6$507,Q6$5PHWKRGVWKDWXVHDODUJHQXPEHURILQWHUIHURJUDPVDOORZXVWRVWXG\WHPSRUDO
G\QDPLFV RI PRYHPHQW RI REMHFWV DW VORSHV 6XGGHQ FKDQJHV LQ WKH GLVSODFHPHQW G\QDPLFV FDQ KHOS XV
XQGHUVWDQGLQJVORSHEHKDYLRXUDQGIRUPLQJDQDOHUWRIDQLQVWDELOLW\ULVNHVSHFLDOO\ZLWKLQFRQQHFWLRQWRDQHYHQW
WKDW PLJKW DFWLYDWH D ODQGVOLGH VXFK DV LQWHQVH UDLQIDOO 5HFHQWO\ VRPH VWXGLHV KDYH EHHQ SHUIRUPHG DERXW WKH
,Q6$5DSSOLFDWLRQVIRUIRUHFDVWLQJDQGPRQLWRULQJRIDFWLYHODQGVOLGHLQVRPHSDUWVRI WKHZRUOGVXFKDV7XUNH\
,WDO\DQG&KLQD7KLHEHV%,QWULHULHWDO%DUODHWDO)HUUHWWLHWDO0HLVLQDHWDO




2.1. Steepness and Orientation of Slope 
,WLVFKDUDFWHULVWLFWKDW6$5VDWHOOLWHVGRQRWSURYLGHLPDJHYHUWLFDOO\WRWKH(DUWKWKHORRNDQJOHșRIUDGDUEHDP
FHQWHULVDOZD\VLQFOLQHGZLWKW\SLFDOYDOXHVRIș aIURPQDGLUDQGZLWKW\SLFDOGLUHFWLRQRIUDGDUEHDPDV
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ULJKWORRNLQJSHUSHQGLFXODUO\WRWKHRUELW%\RUELWLQJWKH(DUWKLQVXESRODURUELWV6$5VDWHOOLWHVFDQREVHUYHWKH
VDPH ORFDWLRQ IURP WZRVLGHV RQFHGXULQJ LWV DVFHQGDQFH WR WKH1RUWKDQGD VHFRQG WLPHGXULQJ LWVGHVFHQGLQJ
WUDFNWRWKH6RXWK7KHKLJKHVWVHQVLWLYLW\RI,Q6$5LVWRPRYHPHQWVLQGLUHFWLRQRIWKHVDWHOOLWHOLQHRIVLJKW/26
WKHUHIRUH,Q6$5FDQFOHDUO\GHWHFWVORSHPRYHPHQWVRFFXUULQJPRUHRUOHVVLQ(:GLUHFWLRQVHH)LJOHIWZKLOH
WKH16 KRUL]RQWDO FRPSRQHQW LV GHWHFWDEOH RQO\ E\ H[SHULPHQWDO0$, WHFKQLTXH %HFKRU 'XH WR V QRQ
YHUWLFDO OLQHRI VLJKW WRSRJUDSK\FDQEH DIIHFWHGE\JHRPHWULFDO GLVWRUWLRQV LQ6$5 LPDJH +DQVVHQ7KH
KLJKHVW VHQVLWLYLW\ IRUVORSHPRYHPHQWVZLWKRXWJHRPHWULFDOGLVWRUWLRQV LV LQ WKHGLUHFWLRQDZD\IURPWKHVDWHOOLWH














2.3. Size and Rate of Landslide 
'XHWRKLJKVHQVLWLYLW\IRUGHIRUPDWLRQV6$5VHQVRUVKDYHOLPLWHGSRVVLELOLWLHVWRTXDQWLI\PRYHPHQWVH[FHHGLQJ
WKH GHWHFWLRQ OLPLWV 'PD[  XVHG IRU 6$5 V\VWHPV FRPSXWHG E\ +DQVVHQ  IRU SRSXODU V\VWHPV DV 'PD[
(QYLVDW  PPP 'PD[ $/26   PPP DQG 'PD[7HUUD6$5;  PPP EDVHG RQ VSDWLDO UHVROXWLRQ DQG UDGDU
ZDYHOHQJWK RI FXUUHQW 6$5 V\VWHP LQ LGHDO EDUHVRLO FRQGLWLRQV ,Q UHDOLW\ GXH WR WKH SUHVHQFH RI YHJHWDWLRQ
FDXVHG QRLVH UHODWLYHO\ ORQJ VDWHOOLWH UHYLVLW WLPH URXWLQHO\  GD\V EXW DOVR   RWKHU SKDVH LQIOXHQFHV DV HJ
DWPRVSKHULF HIIHFWV WRSRJUDSK\ HWF ,Q6$5 LVPRVWO\ XVHG WR GHWHFW RQO\ ³VORZPRYLQJ ODQGVOLGHV WKHLU H[WHQW
YHORFLW\DQGDUHDVVXVFHSWLEOHWRHURVLRQ´8163,'(5/DQGVOLGHVH[FHHGLQJGHFLPHWHUV\HDUDWYHJHWDWHG
VORSHVDUHXVXDOO\GHWHFWDEOHZLWKRXWTXDQWLILFDWLRQRIWKHLUYHORFLW\
616   Milan Lazecký et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  613 – 618 
&DVHVWXGLHV






RI JHRORJLFDO DQG JHRSK\VLFDO PHWKRGV VKRZV WKDW %DEDGDJ YLOODJH LV VOLGLQJ ZLWK DQ DYHUDJH YHORFLW\ RI 
FP\HDU7KLVUHVXOWKDVEHHQSURYHGUHOLDEOHDQGFDQEHXVHGDVUHIHUHQFHWR,Q6$5UHVXOWV)RU,Q6$5DSSOLFDWLRQ
(QYLVDW LPDJHV ZHUHDFTXLUHG IURP WKHDVFHQGLQJ WUDFNDOORZLQJRSWLPDO/26GLUHFWLRQ WRZDUGV
DQ\ H[SHFWHGPRYHPHQWV 7KH KRXVHV RQ WKH VOLGLQJ VORSH GHOLYHU SURSHU UHIOHFWRUV IRU07,Q6$5PRQLWRULQJ





3.2. Alfandega da Fé, Portugal - L-Band Differential InSAR Processing 
7KHKLJKZD\FRQVWUXFWLRQDW$OIDQGHJDGD)pVWDUWHGLQSRVVLEO\WULJJHULQJODQGVOLGHVLQWKHDUHDZLWKYLVLEOH
HIIHFWVLQ7KHDUHDZDVREVHUYHGE\,Q6$5XVLQJDUFKLYHGGDWDIURP(56(QYLVDW
DQG $/26  ZLWK WKH DLP   RI ILQGLQJ RXW ZKHWKHU WKH DUHD ZDV XQVWDEOH   EHIRUH WKH KLJKZD\
FRQVWUXFWLRQ VWDUWHG*HRGHWLFPHDVXUHPHQWV VWDUWHG ODWHU LQ'HFHPEHU  7KH VORSH LV RULHQWHG SURSHUO\ IRU
PRQLWRULQJIURPDVFHQGLQJ WUDFNVRI6$5VDWHOOLWHV'HVFHQGLQJ WUDFNZDVDOVR WHVWHGDVH[SHFWHG WKHDUHDZDV
XQREVHUYDEOH GXH WR JHRPHWULFDO GLVWRUWLRQV 7KH VORSH LV FRYHUHG E\ GHQVH YHJHWDWLRQ WKHUHIRUH QR07,Q6$5
UHVXOWVDQGQRQHRIWKH&EDQG(56(QYLVDWLQWHUIHURJUDPVVKRZHGUHOLDEOHLQIRUPDWLRQ,QWHUHVWLQJUHVXOWVZHUH
GHWHFWHG IURP   /EDQG $/26 LQWHUIHURJUDPV WKDWZHUH IRUPHGZLWK VPDOO SHUSHQGLFXODU EDVHOLQHV%SHUS LH
GLVWDQFHEHWZHHQVDWHOOLWHSRVLWLRQVZKHQDFTXLULQJLPDJHVORQJHU%SHUSPHDQVODUJHUHIIHFWVRIWRSRJUDSK\DQGORVV
RI FRKHUHQFH GXH WR GLIIHUHQW YLHZ DQJOH7KUHH VHOHFWHG LQWHUIHURJUDPV LQ )LJ  VKRZ WKH SRVVLELOLW\ RI VORSH
PRYHPHQWDOUHDG\ LQ LIPRQLWRUHG   LQDGYDQFHH[SHUWVFRXOGKDYHEHHQVHQW IRUVLWH LQYHVWLJDWLRQEHIRUH
KLJKZD\FRQVWUXFWLRQ





ODQGVOLGH PLWLJDWLRQ )LUVW WKH SRVVLELOLW\ WR GLVFRYHU DFWLYLW\ RI ODQGVOLGH WKDW FDQ OHDG WR SURYLGH PDSV RI
JHRORJLFDOULVNVRUWRLQIRUPJHRORJLVWVDERXWORFDWLRQVVXVSHFWHGIRUVORSHPRYHPHQWVWKDWVKRXOGEHLQYHVWLJDWHG
LQVLWX 6HFRQG D SRVVLELOLW\ WR GHWHFW XQH[SHFWHGPRYHPHQW WKDW FDQ SURYLGH HDUO\ZDUQLQJ LQ FDVH RI ODQGVOLGH
DFFHOHUDWLRQRURWKHUFKDQJHHJE\HYDOXDWLRQRIFRKHUHQWRXWOLHUVIURPH[SHFWHGPRGHORI07,Q6$5WLPHVHULHV
5DEXV HW DO  7KH UHDVRQ ZK\ ,Q6$5 DSSOLFDWLRQV VKRXOG EH SDUW RI WKLV VWXG\ LV WR VHH DQG OHDUQ KRZ
DXWKRULWLHV WDNHSUHFDXWLRQRUKRZ WKH\ LQWHUYHQHGXULQJGLVDVWHUVGXH WR LQWHQVLYHSUHFLSLWDWLRQ  7R UHGXFHEDG






JDXJH VWDWLRQV WR SURYLGH DQ HDUO\ ZDUQLQJ 7KH LGHQWLILFDWLRQ RI DFWLYH VORSHV DQG WKHLU G\QDPLF FKDQJHV DIWHU







WHFKQLTXHV´ 7KLV SDSHU KDV EHHQ HODERUDWHG LQ WKH IUDPHZRUN RI WKH SURMHFW1HZ FUHDWLYH WHDPV LQ SULRULWLHV RI
VFLHQWLILF UHVHDUFK UHJ QR &= VXSSRUWHG E\ 2SHUDWLRQDO 3URJUDPPH (GXFDWLRQ IRU
&RPSHWLWLYHQHVVDQGFRILQDQFHGE\ WKH(XURSHDQ6RFLDO)XQGDQG WKHVWDWHEXGJHWRI WKH&]HFK5HSXEOLF 7KLV
ZRUN ZDV VXSSRUWHG E\ WKH (XURSHDQ 5HJLRQDO 'HYHORSPHQW )XQG LQ WKH ,7,QQRYDWLRQV &HQWUH RI ([FHOOHQFH
SURMHFW &= DQGE\ WKH(XURSHDQ)XQG IRU5HJLRQDO3URJUHVV )('(5 )XQGR(XURSHXGH
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 %R]]DQR ) 0D]]DQWL 3 3UHVWLQLQ]L $ 6FDUDVFLD 0XJQR]]D *  5HVHDUFK DQG GHYHORSPHQW RI DGYDQFHG WHFKQRORJLHV IRU
ODQGVOLGHKD]DUGDQDO\VLVLQ,WDO\/DQGVOLGHV±
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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IRU KLVWRULF DQG IXWXUH PRQLWRULQJ RI ODQGVOLGHV DQG RWKHU WHUUDLQ LQVWDELOLW\ SKHQRPHQD ,Q ,QWHUQDWLRQDO FRQIHUHQFH RQ ODQGVOLGH ULVN
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±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 /D]HFNê 0  0RQLWRULQJ RI 7HUUDLQ 5HOLHI &KDQJHV XVLQJ 6\QWKHWLF $SHUWXUH 5DGDU ,QWHUIHURPHWU\ $SSOLFDWLRQ RI 6$5
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